Background Comparative effectiveness research (CER) and cost-effectiveness analysis are valuable tools for informing health policy and clinical care decisions. Despite the increased availability of rich observational databases with economic measures, few researchers have the skills needed to conduct valid and reliable cost analyses for CER. Objective The objectives of this paper are to (i) describe a practical approach for calculating cost estimates from hospital charges in discharge data using publicly available hospital cost reports, and (ii) assess the impact of using different methods for cost estimation in maternal and child health (MCH) studies by conducting economic analyses on gestational diabetes (GDM) and pre-pregnancy overweight/ obesity. Methods In Florida, we have constructed a clinically enhanced, longitudinal, encounter-level MCH database covering over 2.3 million infants (and their mothers) born alive from 1998 to 2009. Using this as a template, we describe a detailed methodology to use publicly available data to calculate hospital-wide and department-specific cost-to-charge ratios (CCRs), link them to the master database, and convert reported hospital charges to refined cost estimates. We then conduct an economic analysis as a case study on women by GDM and pre-pregnancy body mass index (BMI) status to compare the impact of using different methods on cost estimation. Results Over 60 % of inpatient charges for birth hospitalizations came from the nursery/labor/delivery units, which have very different cost-to-charge markups (CCR = 0.70) than the commonly substituted hospital average (CCR = 0.29). Using estimated mean, per-person maternal hospitalization costs for women with GDM as an example, unadjusted charges ($US14,696) grossly overestimated actual cost, compared with hospital-wide ($US3,498) and department-level ($US4,986) CCR adjustments. However, the refined cost estimation method, although more accurate, did not alter our conclusions that infant/maternal hospitalization costs were significantly higher for women with GDM than without, and for overweight/obese women than for those in a normal BMI range. Conclusions Cost estimates, particularly among MCHrelated services, vary considerably depending on the adjustment method. Our refined approach will be valuable to researchers interested in incorporating more valid estimates of cost into databases with linked hospital discharge files.
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Introduction
Although there is significant variation in per-capita government, private, and out-of-pocket spending for healthcare in countries around the world, every healthcare system faces limited economic capital. Societal need for healthcare resources exceeds availability; therefore, information that can help decision makers evaluate both the relative efficiency and effectiveness of services facilitates the responsible allocation of available funds [1] . In the USA, the Federal Government allocated over $US1 billion to support comparative effectiveness research (CER) as a rigorous scientific approach to generate evidence that will lead to improved delivery of care and health outcomes [2, 3] . Costeffectiveness analysis (CEA) further assesses and compares the cost of an intervention with its effectiveness, generating data that can maximize the health benefits afforded to a population under a limited budget [4] . Thus, the accurate enumeration and estimation of costs represents a critical aspect of healthcare research that deserves sufficient methodological consideration.
Randomized controlled trials are considered the gold standards in terms of producing the most internally valid data for informing CER and CEA; however, they are often limited by high cost, and reduced generalizability, and are difficult to apply to rare or long-term outcomes [5] [6] [7] . Thus, 'real-world' observational data, in the form of rich administrative and clinical databases, is becoming increasingly valuable as a tool for conducting CER and CEA. These databases are often free or inexpensive, and are capable of being linked to other data sources to enhance the quality and breadth of the information. In fact, many states have received funding and engaged in initiatives to link hospital discharge data-which provide characteristics on inpatients discharged from non-federal hospitals-to various other data sources, including vital records, laboratory data, and emergency medical services data [8, 9] . Since the discharge databases contain variables that capture hospital charges, researchers have long since leveraged these data to include costs and CEA into their findings. However, hospital charges represent the amount that a facility billed for services, and are not valid or reliable estimates of the actual cost of medical services incurred by the hospital [10] . The Centers for Medicare and Medicaid Services (CMS) recently released data comparing charges with reimbursed payments for the 100 most common Medicare inpatient services in hospitals across the nation, demonstrating the irrelevance of hospital charges as they relate to Medicare/Medicaid reimbursement [11] . In actuality, there are very few patients or payers that ever pay an amount even close to what a hospital charges. Moreover, the rate at which charges are marked up from costs varies across hospitals, amongst departments within a hospital, and over time [11, 12] .
Many studies continue to rely on total unadjusted charges as an estimate of cost despite their inaccurate estimation [13, 14] . Those that attempt to estimate costs from charges do so using approaches that vary considerably [15] [16] [17] [18] . Micro-costing, which is considered a gold standard for cost estimation, involves a painstakingly detailed collection of all resources utilized and the value of those resources, and it is typically unfeasible or excessively burdensome in studies using secondary data sources covering large populations. The most common technique to estimate cost is multiplying a discharge record's total charges by a hospital-wide cost-to-charge ratio (CCR) [17] . Although this approach better accounts for variability in markup rates among different hospitals, it fails to consider that there is a sizeable difference in markup in different departments of a hospital (e.g., surgical procedures tend to have higher markup than routine bed services) [12] . Adjusting for this variation is particularly important among discharges in which most reported charges come from a single department whose markup is different from the hospital average markup-that is, the hospital-wide CCR poorly estimates the CCR for that department. To account for the variation amongst departments, department-specific CCRs are used to calculate department-specific costs, which may then be summed to estimate the total cost for the discharge. In 2003, Taira and colleagues compared analytic approaches for economic evaluations that were a part of clinical trials [19] . Although they concluded that cost estimation using department-level CCRs is an excellent ''compromise of accuracy with ease of implementation'' [19] , few researchers adopt this approach.
In 2010, the University of South Florida was awarded American Recovery and Reinvestment funding through the Agency for Healthcare Research and Quality to create, through data linkage that incorporates hospital discharge data, a longitudinal, clinically enhanced maternal and child health (MCH) dataset for the purpose of producing an accurate and reliable evidence base for CER and CEA. Even though childbirth is the most common reason for hospital stays in the USA and resulted in hospital costs of $US16.1 billion in 2008 [20] , accurate and consistent methods for estimating cost are particularly absent in MCH. In a review of nine studies investigating the costs of elective Cesarean (C-section) versus vaginal deliveries, cost estimates ranged from $US5,289 to $US17,624 in studies using unadjusted charges, and from $US779 to $US4,950 in studies using a charge adjustment strategy [21] . These inconsistencies demonstrate the lack of reliable information for decision makers in MCH public health policy and planning, and underscore the need for transparent, uniform methodologies for working with economic measures. The purpose of this paper is to (i) describe, in detail, a practical approach for calculating reliable cost estimates from hospital charges in discharge data using publicly available hospital cost reports, and (ii) assess the impact of using different methods for cost estimation in MCH studies by conducting economic analyses on two serious health problems whose prevalence rates have been increasing in recent decades: gestational diabetes (GDM) and pre-pregnancy overweight/obesity [22] [23] [24] [25] [26] [27] .
Methods

Data Sources
Clinically Enhanced Maternal and Child Health (MCH) Database
Our target population included over 2.5 million infants born to Florida-resident women from 1 January 1998 through 31 December 2009. Using a stepwise deterministic linking strategy, we successfully linked 92.1 % of these infants' birth certificate records to infant and maternal inpatient, ambulatory, and emergency department hospital discharge data through 31 December 2010 [28] . Thus, each infant/mother dyad can be followed up for at least 1 year after delivery/birth or until death, up to a maximum of 12 years. As part of the discharge data, charges are reported for various departments that provide care and services within the hospital and are then summarized into a total charge estimate for each discharge record. The primary goal of this project was to convert billed hospital charges from inpatient discharge records into estimates that better reflect actual cost of direct medical services incurred by the hospital. As such, cost estimates being generated as part of this study are from a third-party payer perspective.
Hospital Cost Report Data
Each year, Medicare-certified institutional providers are required to submit a cost report to the CMS [29] . The cost report contains a wide array of information on each provider, including characteristics of each facility, information regarding utilization, and costs and charges for each individual cost center (e.g., anesthesiology, operating room, speech pathology). The CMS organizes and maintains cost report data in the Healthcare Cost Report Information System (HCRIS) [29] . Since costs and charges are reported in such a detailed manner for each provider and during each fiscal year, billed charges and actual costs can be compared, and CCRs calculated that are time, hospital, and cost center (aka department) specific.
Overarching Approach
If cost and charge data from hospital cost reports can be used to calculate CCRs, which can then be linked accurately to hospital discharge records, the CCRs could be used to convert reported hospital charges to refined cost estimates. Our approach for calculating these cost estimates includes three steps: (i) calculate hospital-wide and department-specific CCRs using hospital cost reports; (ii) link CCRs to hospital discharge records; and (iii) convert charges reported in hospital discharge records to refined cost estimates using the linked CCR data (Fig. 1 ).
2.3
Step 1: Calculate Cost-to-Charge Ratios (CCRs) Using Hospital Cost Reports
Extraction of Cost and Charge Data
Hospital cost report zipped files were downloaded from the CMS website: http://www.cms.gov/Research-Statistics-Dataand-Systems/Files-for-Order/CostReports/Cost-Reportsby-Fiscal-Year.html. Each file contains four datasets named 'report', 'alpha', 'numeric', and 'rollup' that summarize in different ways the information provided in a submitted hospital cost report. Each component dataset includes a report record number that is unique to a hospital's cost report for a particular fiscal year and can thus be used to link information across these component datasets. The 'report' component contains information on the hospital's Medicare Provider Number (MPN), fiscal year beginning and end dates, and ownership details. The 'alpha' component gives us specific data elements from the cost report, detailing the worksheet code, line number, and column number for each alphanumeric field. We extract specific data elements from the 'S' worksheet that give us detailed hospital characteristics, including the hospital name, address, and control type. The 'numeric' component is only different from the 'alpha' component in that it contains information on numeric (as opposed to alphanumeric) values. It is the 'numeric' component that contains the financial information we will use to create the CCRs for this project. From worksheet 'C' part I, we extracted inpatient charges, outpatient charges, and total costs (inpatient and outpatient costs are reported together on the cost report) for each cost center. We also extract additional information from worksheet 'S' on the number of hospital beds and number of interns and residents, which we will use to characterize hospitals according to size and teaching status. The 'rollup' component is largely a less granular representation of the 'numeric' component, and thus was not used in this study. Data from 1997 to 2011 were extracted and all years were combined into one dataset.
Using Cost and Charge Data to Calculate CCRs
Using documentation on HCRIS cost center line codes [30] , we extracted cost and charge information for all cost centers. An individual cost center is a line item on the hospital's cost report that reflects a specific service unit (e.g., intensive care, coronary care, burn unit). The costs and charges from all cost centers were then aggregated to calculate a hospital-wide (HW) CCR for each individual cost report (one per hospital, per fiscal year) using the formula below:
In considering department-specific CCRs, we observed significant variation in how different hospitals reported detailed costs and charges on hospital cost reports. Thus, costs and charges reported for individual cost center codesof which there were over 100-were aggregated into one of 12 'clusters' that represent major departments within a hospital (Table 1) . For example, costs and charges for the intensive care, coronary care, and burn units mentioned above would be pooled into a 'specialty care units' cluster. This aggregation into clusters results in a more standardized consideration of costs and charges, and ultimately calculation of CCRs across hospitals and over time. This strategy of mapping individual cost center data into higherlevel clusters has been described previously [12, 31] . To avoid confusion, and since a cluster as described above is intended to represent a hospital department, we use the term 'department' throughout the remainder of this paper.
Once the cost center data were mapped to departments, and costs and charges were aggregated, department-level (DL) CCRs were calculated using the formula below:
ðtotal costs for department XÞ P ðinpatient + outpatient charges for department XÞ
Data Cleaning
As cost and charge data are analyzed with increasing granularity (i.e., from hospital level to specific cost center Step 1: Calculate CCRs using hospital cost reports downloaded from CMS
Step 2: Link CCRs to hospital discharge data using a crosswalk
Step 3: Convert charges to costs Table 1 .
c Bucket charges and department mappings available in Table 2 line codes), missing and erroneous values become more widespread. Some hospitals do not report all line codes corresponding with the services they offer, which leaves one or more cost centers (e.g., burn unit) within a department (e.g., specialty care units) missing. In other instances, a hospital may be missing cost and/or charge data for all cost centers that make up a particular department, either because that hospital does not provide those services or because reporting was incomplete. Even when hospitals do report non-missing cost and charge data for all cost centers, some values are implausible. For example, a hospital may report $25,000 in costs for a particular cost center, but only report $1 in charges. The resultant CCR would be 25,000, an obvious misrepresentation of the relationship between costs and charges. We implemented several strategies to identify and replace missing and implausible CCR data with more valid estimates.
Once costs and charges for specific cost centers were aggregated into departments, and CCRs were calculated, we analyzed the distribution of these department-level CCRs across all hospitals for each reporting year to identify extreme values. Low CCR values occur when costs were extremely low relative to charges, or charges were extremely high relative to costs. High CCR values were due to low charges relative to costs; and this often occurred when hospitals reported charges of $1 for specific cost centers. Inclusion of these extreme values would reduce the validity of our approach to converting hospital charges into cost estimates. Thus, after our review, any departmentlevel CCR value below 0.05 was deemed implausible. Additionally, a department-level CCR was classified as extreme if it was more than three interquartile ranges above the median CCR reported by all hospitals for that department during the same time frame [32] .
Missing and extreme data were replaced with a plausible CCR estimate. To do this, we first classified hospitals based on characteristics that have been shown to impact differences in markup including ownership, size, and teaching status [32] . Hospitals were first classified as for-profit and non-profit, with government-owned hospitals grouped with non-profits. Hospitals with fewer than 100 beds were classified as 'small', those with 100-299 beds as 'medium', and those with 300 or more as 'large'. Among large hospitals, we used the ratio of interns and residents to the number of beds to differentiate between major academic centers (ratio [ 0.25) and non-academic facilities. We then replaced missing and extreme CCRs with the median department-level CCR among hospitals of the same ownership, size, and teaching status group. Approximately 15-20 % of CCR estimates were imputed using this technique, with minor variation across departments, keeping in mind that some hospitals have expected missingness for certain departments depending on services offered (e.g., non-birthing inpatient facilities will not have nursery and labor/delivery costs and charges).
2.4
Step 2: Link CCRs to Individual Hospital Discharge Records
Developing a Crosswalk to Link the Data
In order to use the CCRs calculated in step 1 to estimate costs from billed charges, the CCR data had to be linked to the hospital discharge records in our clinically enhanced MCH database. The CCR data is at the level of an individual cost report and has the report record number as the unique identifier. In this dataset, a facility is identified by a MPN and the fiscal year (or the dates to which the data in the cost report apply) is captured by beginning and ending dates. The hospital discharge data have a different unique identifier, the system record ID, which identifies an individual discharge record for a patient. Dates of admission and discharge are available, and although there is a facility identification number, this number differs from the MPN available with CCR data. Thus, we needed to develop a time-sensitive crosswalk between the MPN from the cost report to the facility ID number from the hospital discharge data. Such a crosswalk would permit linkage of each hospital discharge record (with departmentlevel charges) to a cost report record (with calculated CCRs) that is facility and time specific. Development of the crosswalk began with a review of existing data. The Agency for Health Care Administration (AHCA), that collects and manages hospital discharge data in Florida, does generate a worksheet containing the desired crosswalk between MPN and the AHCA-assigned facility number, but it only covers the 'present time'. Historical data for the information on the crosswalk were not available in a single document. The problem is that, for a given facility, the MPN and/or facility number may change over time, often with changes in ownership or transition from an isolated facility to a healthcare system. Moreover, these facility numbers do not change simultaneously (e.g., the MPN may change while the AHCAassigned facility number stays the same, or vice versa). Thus, although the 'present time' crosswalk provided a starting point, additional historical information was required. Through AHCA, we were able to obtain access to historical 'financial databases' that listed a facility's AHCA-assigned ID, its MPN, and reporting dates on the same form (A-1 worksheet) . Although the data required substantial cleaning-primarily for obvious data entry errors for facility ID numbers-it permitted extension of our initial crosswalk, tracking changes over time.
We
. This gap often occurred when there was a change in hospital ownership. In such cases, if the gap was small (fewer than 60 days), we linked the discharge record to the hospital cost report whose dates of coverage was closest to the patient's date of admission to the facility (which is the 8 July 2005-30 June 2006 report in the example above). We were able to link over 99 % of all inpatient discharge records to a hospital cost report with CCR data.
Step 3: Convert Charges to Refined Cost Estimates
Using CCR Data
Method 1: Cost Estimation Using Hospital-Wide CCRs
Hospitals demonstrate significant variation in what they bill (or charge) relative to what the actual cost may be. For example, the cost of providing care to a patient during a particular hospital admission may be $5,000. Hospital A may charge $10,000 for those services (CCR = 0.5), whereas hospital B charges $7,500 for the same services (CCR = 0.67). The markup for Hospital A was significantly more. To account for this variation in markup between hospitals, we can convert the total hospital charges for a particular discharge record to a refined cost estimate (RCE HW ) using the following formula:
RCE HW ¼ total charges Ã CCR HW Thus, if the total charges for an admission to Hospital A were $10,000 and the hospital-wide CCR we calculated from their cost report was 0.5, we would estimate the total cost of that admission to be $5,000 ($10,000 9 0.5). Similarly, if the total charges for an admission to Hospital B were $7,500 and the hospital-wide CCR we calculated from Hospital B's cost report was 0.67, we would estimate the total cost of that admission to also be $5,000 ($7,500 9 0.67). In this way, any economic analysis using costs will not only have better estimation of actual cost, but will also remove some of the bias attributed to the variation in markup among hospitals.
Method 2: Cost Estimation Using Department-Level CCRs
Mentioned earlier, hospital-wide CCRs fail to account for an even more important source of variation in markupthat among different departments within a hospital. To account for both sources of variation in markup, we need to use CCRs that are not only time and hospital specific, but that are also department specific. We mapped individual cost centers to hospital departments and calculated a CCR for each department (Table 1 ). Since our goal was to apply each department-level CCR to a department-specific charge (in order to convert it to a cost estimate), we mapped the charge variables in the patient-level discharge data to the same departments referenced above (Table 2) . Because we were mapping charges in inpatient discharge data, the 'Subacute and Long Term Care' and 'Subprovider' departments did not apply. Also, due to similarities in markup (i.e., nearly identical CCRs) between the 'Laboratory' and 'Radiology' departments, radiology/imaging inpatient charges were lumped into the 'Laboratory' department, an approach adopted previously [31] . Then, we calculated a refined cost estimate (RCE DL ) for each discharge record that accounted for between and within hospital variation, using the following formula (department codes are defined in Table 1 ).
To account for inflation, all costs were then adjusted to $US, year 2010 values, using data from the Consumer Price Index for all urban consumers (CPI-U) [33] .
Statistical Analyses
The initial sample for analysis was restricted to singletons born from 1 January 1998 through 31 December 2009, between 20 and 44 weeks gestation and with a documented method of delivery (n = 2,251,465). We excluded 2,181 (0.1 %) infants in which either the estimated maternal delivery hospitalization or the infant birth hospitalization was less than $US100. Descriptive statistics were used to describe the variation in CCRs across hospital departments. We also calculated the proportion of total inpatient charges and costs that were attributable to each department, overall, and stratified by type of hospitalization (maternal vs. infant), method of delivery (vaginal vs. C-section), and timing of admission (birth vs. post-birth).
To assess the impact of using different methods for cost estimation, we conducted two economic analyses on GDM and pre-pregnancy overweight/obesity. Since these outcomes are only captured on the new version of the Florida birth certificate, we limited the analysis to those infants whose information was documented on the new birth certificate (approximately March 2004 and after). Gestational diabetes (GDM) status was assessed from data on both birth certificates and hospital discharge records, using an algorithm that has been described previously [24] . Briefly, to be classified as having GDM, women had to have an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code of 648.8 (abnormal glucose tolerance), without mention of pre-existing diabetes on the birth certificate (yes/no checkbox) or in the delivery hospitalization record (ICD-9 codes 250.0-250.9). These women were compared with women without GDM and with no indication of pre-existing diabetes. Pre-pregnancy overweight and obesity was assessed by calculating pre-pregnancy body mass index (BMI) from height and pre-pregnancy weight abstracted from the birth certificate (weight in kilograms divided by the square of height in meters). We then grouped women into BMI categories, based on groupings suggested by the National Heart, Lung, and Blood Institute [34] , including underweight (\18.5), normal weight (18.5-24.9), overweight (25.0-29.9), class I obese (30.0-34.9), class II obese (35.0-39.9), or class III obese (C40.0).
For both GDM and pre-pregnancy BMI outcomes, we compared the costs associated with the maternal delivery hospitalization and infant hospitalizations in the first year of life, using each of three different cost estimates: (i) unadjusted charges, (ii) costs generated using a hospitalwide CCR, and (iii) costs generated using department-level CCRs. In each scenario, we attempted to minimize the effects of selection bias and confounding by weighting the analysis using normalized inverse probability of treatment weights (IPTW) [35, 36] . Propensity scores were estimated for each infant using multivariable logistic/multinomial regression models with either GDM or pre-pregnancy BMI level as the outcome, and adjusting for the following known or suspected confounders: maternal age, race/ ethnicity, educational attainment, parity, and reported use of tobacco and alcohol. The IPTW was then calculated as the inverse of the propensity score and normalized by dividing each IPTW by the overall mean IPTW (see electronic supplementary appendix for further details). For each analysis, our primary goals were to estimate and compare the mean costs in each exposure group. We then drew 1,000 samples of n = 50,000 from the study population, using proportional allocation to ensure that the relative size of the exposure groups remained the same, and calculated the percent of samples in which the mean cost of the 'exposed' group (e.g., GDM) was higher than the mean cost of the reference group (e.g., no GDM).
Results
Distribution of Charges, Costs, and CCRs
We successfully linked CCR data on hospital cost reports to over 99.9 % of infant and maternal hospitalizations in our MCH database. The median hospital-wide CCR across all hospitals over the entire study period was 0.27 (Q1, Q3: 0.22, 0.34); however, we observed substantial variation in CCRs by department (Table 3) . The rate at which charges were marked up from costs was highest within the 'laboratory' (lab, radiology, and other imaging services), and the 'pharmacy' (pharmacy services, medical/surgical supplies and devices) departments with CCRs of 0.13 and 0.17, respectively. Conversely the 'clinic' (treatment/observation room, behavioral health services; CCR = 0.74), 'specialty care' (intensive and coronary care; CCR = 0.73), and 'routine bed unit' (CCR = 0.70) departments had the lowest markup rates. We also observed a general trend of increasing markup rates (i.e., decreasing CCRs) over time at the hospital level (CCR HW : 0.35 in 1998 vs. 0.24 in 2009) and for nearly every department (Fig. 2) . Regardless of the department, smaller hospitals and non-profit/governmentowned hospitals had lower markup rates than large hospitals and for-profit hospitals, respectively (data not shown).
As expected, in our study population, which consisted of maternal-infant dyads, most of the billed hospital charges (and estimated costs) came from the 'nursery, labor/ delivery' department, which had a moderate CCR of 0.58. Table 3 presents the proportion of total infant and maternal hospitalization charges/costs attributable to each department, by method of delivery and type of admission. Approximately 60 % of all billed hospital charges for infant birth hospitalizations came from the nursery or labor/delivery department, with no difference based on whether the child was born vaginally or via C-section. Similarly, among maternal delivery hospitalizations, the highest proportion of charges (27 %) came from the labor All other ancillary a There are slight differences in bucket charge fields reported over time; only 2010 fields are reported for simplicity b Codes not covered by preceding groups, does not include 960-999 (professional fees, personal convenience items) c Our method for mapping bucket charges to hospital departments was adapted from an approach described in the Healthcare Cost and Utilization Project Methods Series, Report #2011-04 [30] and delivery department. In this case, there were differences by method of delivery (vaginal: 34.4 %, C-section: 16.0 %), with C-sections having higher proportions of charges coming from the operating room. When we extend beyond the delivery/birth period, to post-birth hospitalizations that occur during the infant's first year of life, we see a significant and expected shift from nursery charges to charges associated with other departments, particularly a dramatic rise in routine bed services, and operating room procedures (Fig. 3a) . As we replace charges with the refined cost estimates we calculated, we see that the proportion of actual cost that is attributed to the 'nursery, labor/delivery' department increases considerably (Fig. 3a,  b) . That is because the impact of the high rate of markup within selected departments (e.g., pharmacy and laboratory) is removed by using department-level CCRs. Table 4 compares the per-person cost of maternal delivery hospitalizations and infant birth hospitalizations for women with and without GDM. Whether and how hospital charges were adjusted significantly impacted the group cost CBC-section birth, CD C-section delivery, CCR cost-to-charge ratio, PB post-birth, Q1 1st quartile, Q3 3rd quartile, RCE refined cost estimates, VB vaginal birth, VD vaginal delivery a Expressed as a percentage (%); proportions in each column may not add to 100 % due to rounding b Sorted in descending order, by median CCR c PB records include all non-birth infant hospitalizations in the first year of life estimates and the corresponding difference between GDM and non-GDM women. Using unadjusted charges, the mean per-person costs of a delivery hospitalization was $US14,696 for women with GDM and $US12,656 for women without GDM, a statistically significant difference of $US2,040 (P \ 0.01). There was a significant reduction in the magnitude of the estimated mean cost of both groups when hospital-wide (GDM: $US3,498; no GDM: $US3,010) A B a a Fig. 3 a Proportion of total infant inpatient hospitalization charges/ costs attributable to each department, by type of admission. b Proportion of total maternal inpatient hospitalization charges/costs attributable to each department, by type of delivery admission. CLIN clinic; DRUG pharmacy; LAB laboratory; NUR nursery, labor/ delivery; OANC all other ancillary, OR operating room, RAD radiology, RBU routine bed units, SCU special care units, THER therapies. a Post-birth records include all non-birth infant hospitalizations in the first year of life and department-level (GDM: $US4,986; no GDM: $US4,425) CCRs were used to adjust charges. The result was a 73-76 % reduction in the estimated difference between the two GDM groups. We observed similar findings for infant hospitalizations. Regardless of the adjustment method, infants of women with GDM had statistically significantly higher costs than did offspring of women without GDM, although the difference using unadjusted charges, relative to department-level CCR adjustment of charges, was overestimated by 63 % ($US528 vs. 194). Although the cost-adjustment method used impacted the magnitude of cost estimates for each group, it did not have an impact on our final conclusion. We drew 1,000 random samples (each with n = 50,000) and calculated the percent of samples in which the mean cost of the GDM group was higher than the mean cost of the no GDM group. Regardless of the costestimation method, 100 % of samples demonstrated higher mean, per-person maternal delivery hospitalization costs for GDM women (Table 4) . For comparisons of per-infant birth hospitalization costs, we observed a small variation in results by estimation method. More samples had higher mean costs in the GDM group (vs. the non-GDM group) when department-level CCR adjustment was used (74.7 %), compared with hospital-wide CCR adjustment (71.5 %) or no adjustment (71.0 %).
Impact of Cost-Adjustment Method on Group Comparisons
In analyzing maternal and infant hospitalization costs across pre-pregnancy BMI categories, we also observed variation in cost estimates in all groups, but no considerable differences in relative comparisons (Table 5) . Using estimates generated from the department-level CCR adjustment strategy, we observed that maternal delivery hospitalization costs grew with increasing BMI categories. Compared with women with a BMI in the normal range ($US4,310), maternal hospitalization costs were higher for all obese women (class I: $US4,700; class II: $US4,910; class III: $US5,126; P trend \ 0.01). The costs associated with an infant's birth hospitalization were also positively correlated with pre-pregnancy BMI, with the lowest cost among normal BMI women ($US2,167), and the highest among morbidly obese women ($US2,808).
Discussion
The goal of any healthcare system with a finite supply of resources should be not only to improve the quality of the healthcare it provides, but also to embrace an environment of responsibility, accountability, and cost containment. In the past decade, increased access to linked databases with economic data has allowed researchers to assess the monetary value of effective health interventions. This is an essential first step in assisting consumers, providers, and policy makers to make informed decisions that will improve healthcare. However, even when based on similar data sources (e.g., hospital discharge data), the significant variation in costestimation methods hinders our ability to synthesize the evidence. In this paper, we have described a practical, easy-tofollow approach for calculating reliable inpatient, direct medical cost estimates from hospital charges in discharge data using publicly available hospital cost reports.
Our study focused on a standardized methodological approach to cost estimation using extant data sources and did not attempt to evaluate the relative validity of the three calculated measures: unadjusted charges, charges adjusted using hospital-wide CCRs, and charges adjusted using department-level CCRs. However, other studies have evaluated the relative validity of these measures using a gold/reference standard. In 2003, Taira and colleagues compared various analytic approaches for economic evaluation that was coupled with multicenter clinical trials [19] . Using cardiovascular data from the trial, they compared the same three measures we considered in our study (charges, CCR HW , and CCR DL ) with a reference standard that incorporated a more itemized mechanism for calculating costs. The researchers found differences in the absolute magnitude of cost estimates and concluded that the conversion of hospital charges to cost estimates using department-level CCRs was reliable for making grouplevel comparisons and were ''a reasonable compromise between accuracy and ease of implementation'' [19] . In other words, extensive micro-costing approaches are challenging for any study, and may be virtually impossible for those studies relying primarily or exclusively on secondary data. Since billed charges mix information on actual cost with the pricing policies of individual hospitals [18] , we argue for the use of department-level CCRs which most aptly minimizes the effect of this 'confounding by pricing policy' on the results of economic analyses. Although we are calling for a more uniform adoption of the use of department-level CCRs for converting charges in hospital discharge data to refined cost estimates, there are other approaches that have been proposed to account for variation in markup across different areas within the same hospital. The Healthcare Cost and Utilization Project (HCUP) has published several reports that describe and promote the use of 'adjustment factors' (AFs) based on the patient's principal diagnosis or an All Patient Refined Diagnosis Related Group (APR-DRG) code [12, 31] . In fact, our study uses the same methodology as that described by Sun and Friedman [31] for mapping individual cost center data from hospital cost reports and bucket charges from hospital discharge data into higher-level clusters. However, HCUP supplies these AFs for instances in which researchers may not have access to either hospital Our analyses focused on an MCH population, specifically mother-baby dyads during or shortly after delivery. In some populations, the distribution of charges across hospital departments is relatively even, and the hospital-wide CCR's overestimation of some departments' CCRs, and underestimation for others, may cancel each other out. However, most billed inpatient hospital charges in our analyses were found to come from one department, the 'nursery, labor/delivery'. Since this department's median CCR (0.58) was more than double the median hospitalwide CCR (0.27), it is particularly important that MCH researchers do not use a hospital-wide CCR to convert charges to costs, since it is insufficiently representative. It is unlikely that the underestimation of costs in the 'nursery, labor/delivery' would be balanced by overestimation in other departments. This is reflected by the consistently lower costs estimated by hospital-wide CCR adjustment for maternal and infant hospitalization costs across GDM and pre-pregnancy groups. It is important to note that despite the variation in the magnitude of cost estimates (and group differences in cost) according to the adjustment methodology used, the final decision as to which group had higher cost (e.g., GDM vs. non-GDM) was not affected by the adjustment strategy.
Assessment of our proposed approach for calculating reliable cost estimates and interpretation of the results of our economic analyses should consider several important limitations. First, our study assumed a third-party payer perspective. The Panel on Cost-Effectiveness in Health and Medicine recommends that cost estimation should be based on a societal perspective (which includes all costs relevant to members of a society: patients, employers, facilities, insurance companies, the government, etc.) and should be guided by the opportunity cost principle, which attempts to estimate the value of a resource used in its best available alternative use [37, 38] . Second, our study leverages hospital cost reports and discharge data, which may be incomplete and of questionable accuracy [39] . Studies have found discrepancies in hospitals' operating performance as reported in Medicare cost reports versus their audited financial statements, and Kane and Magnus argue that the cost reports can inaccurately represent a hospital's financial position [39] [40] [41] . However, in our analysis, we did not have access to audited financial statements for the inpatient hospitals under study. Also, discharge data contain information only on direct medical costs from specific revenuegenerating centers that are associated with the institutional portion of the hospital stay [18] . We did not attempt to estimate indirect costs (e.g., lost wages) or physician costs, nor did we engage in micro-costing, which involves enumerating every input consumed [42] . Although the excluded costs can be substantial (e.g., in a California study on low birth-weight infants, physicians costs represented over 16 % of the initial hospitalization costs) [43] , it is important to reiterate that this study sought to describe an approach to generate reliable inpatient cost estimates for CEA using data commonly available to researchers. Cost reports and discharge databases have standardized formatting across facilities; therefore, the consistency and universality of the charge adjustment approaches will permit comparisons across institutions [18] .
Third, although the department-level CCRs we calculated are capable of adjusting charges for differences in pricing policies over time, amongst hospitals, and across major departments within a hospital, they still assume that the same CCR applies to all services rendered within each department. A more accurate approach would be to generate a CCR for each individual cost center (e.g., 2719: coronary care unit) listed in the hospital cost report; however, this approach is not realistic in practice [17, 40] . Moreover, since services within a department are similar, we would not expect substantial variability in markup as it is unlikely that there will be significant intradepartmental variation in markup rates. A related issue is that hospital cost reports contain charges and costs for all patients. Thus, the calculated CCRs represent everyone receiving services from a particular department, even though the CCR might actually be different for subpopulations (e.g., infants vs. adults in the intensive care department). Still, the customary practices and patterns of cost allocation vary across states and across hospitals [44] . Even if every hospital implemented and followed uniform accounting methods for assigning the cost incurred to produce each service to a given department, the cost derived using this method is not likely to generate a completely unbiased estimate of the true economic cost of producing those services.
Last, the economic analyses we performed on infant and maternal hospitalization costs among GDM and pre-pregnancy overweight/obesity groups were restricted to group mean and median comparisons. We attempted to minimize the effects of selection bias and confounding by weighting the analyses using IPTWs; however, we did not compare this strategy against a multivariable modeling approach. It is important to remember that the purpose of these analyses was to use these 'case studies' to demonstrate the impact of using the different approaches proposed in this paper on cost estimation and group comparisons. Despite these limitations, we believe that the methodology we have described provides public health practitioners and researchers with a practical and straightforward approach to improving the validity and reliability of cost estimates and CEA based on datasets that rely on billed hospital charges.
Conclusions
Hospital cost reports are currently the only publicly available data that can be used to create uniform cost measures across facilities in the USA with considerable variation in patient characteristics and pricing policies [18] . The process for calculating time-specific, department-level CCRs has been well documented, particularly through the HCUP Methods Series reports [12, 31] ; however, the lack of their mainstream adoption into economic analyses (as opposed to no adjustment or incomplete adjustment using an overall average or hospital-wide CCR) likely reflects gaps in awareness, confidence, and/or understanding. This paper aims to fill that void, and in doing so would increase the quality and reliability of cost estimates and analyses using linked administrative and clinical databases.
